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[ 1] Node-Labele-Controlled (NLC ) $G$ , $G=$
$(\Sigma,\Delta,P,conn,Z_{ax})$ . \Sigma
. \Delta \Sigma
. $P$ $(d, Y)$ , $d\in\Sigma,$ $Y\in G_{\Sigma}$ . $P$
. conn \Sigma 2\Sigma
. $Z_{ax}$ \Sigma .
$\blacksquare$
[ 2] NLC (BNLC ) $G$ 2




(1) $Z_{ax}$ \Sigma --\Delta .
(2) $(d, Y)\in P$ , $d\in\Sigma-\Delta,$ $Y$ \Sigma --\Delta
. $\blacksquare$
$G$ , $\{X\in G_{\Sigma}|Z_{ax}\Rightarrow_{G}^{*}X\}$
$S(G)$ . $G$ , $\{X\in G_{\Delta}|Z_{ax}\Rightarrow_{G}^{*}X\}$
L(G) .
$x\neq y,$ $y\in hist_{D}(x),$ $hist_{D}(x)=(z_{0},z_{1}, \cdots,z_{m}),$ $hist_{D}(y)=(z_{0}, z_{1}, \cdots, z_{n}),$ $m<n$
. , $(z_{m}, z_{m+1}, \cdots, z_{n})$ $hist_{D}(x, y)$ .
$D:X_{0}\Rightarrow_{(x_{0},Y_{1})}X_{1}\Rightarrow(x_{1},Y_{2})$ $...\Rightarrow_{(x_{n-1},Y_{r})}X_{n}$
$D’:X_{0}’\Rightarrow_{\langle x_{0}’,Y_{1}’)}X_{1}’\Rightarrow(x_{1}’,Y_{2}^{l})$ . . $\Rightarrow_{(x_{n-1}’,Y_{n’})}X_{n}’$
, $\bigcup_{1}^{n_{=1}}V_{X_{i}}$ :n$=1Vx_{:^{\prime \text{ }}}$ ’ $h$ ,
(1) $1\leq i\leq n$ , $h$ |V .$\cdot$ $X$; $X_{1}^{\prime_{\text{ }}}$ ,
(2) $x\in V_{D}$ , $h(pred_{D}(x))=pred_{D}(h(x))$
.
NLC 7 (1980 Janssens,Rozenberg
[4])






(2) $\#(V_{M’\backslash a})\geq 1$
(3) $M\backslash \alpha\leq M_{n}$
(4) Mn\M’’ $(M’)_{B,\alpha}^{(n)}$ ,
(5) $3\leq i\leq n$ , $\{(x, y)|x\in V_{M}\prime\prime,y\in V_{Af’\backslash \alpha},\{x, h;(y)\}\in M_{n}\}=$
$\{(x, y)|x\in V_{M^{u}},y\in V_{Af’\backslash \alpha}, \{x, h_{3}(y)\}\in M_{n}\}$
$M’$, M” $M$ $M’=M\backslash M^{n}$ . \alpha
M’ . $B=(B_{1}, B_{2})$ , $V_{At}’\cross$
$h_{1},$ $h_{2},$ $\cdots,$






$G$ . $D$ ,
$\{x_{0}, x_{1}, \cdots, x_{n-1}\}$ $C_{D}$ .
$D$ $(x_{p}, x_{q})$ , $D$
$x_{p},x_{q}$ 2 .
(1) $x_{p},$ $x_{q}\in C_{D}(p<q)$
(2) $x_{p}\in hist_{D}(x_{q})$ $\varphi_{D}(x_{p})=\varphi_{D}(x_{q})$
$\partial 1(x_{1(0)}, x_{1(1)}, \cdots,x_{i(t-1)})$ $C_{D}$ $\eta_{p}9$ $\bigwedge_{-M}=\{x_{l}\in C_{D}|x_{q}\in$ hist$D(x_{l})k$
3
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$x_{q}\not\in hist_{D}(x_{l})$ } $x_{l}$ $l$ (
#M $=t$ ). , $i(t)=q$ .
$D^{or}:_{9}$ : $X_{0}^{or\dot{*}g}\Rightarrow_{(xY_{j})}X_{1}^{orig}:(0)’(0)+1$ $..\Rightarrow_{(x_{1(t-1)^{Y}i(\ell-1)+1}},$ ) $X_{t}^{o\prime:_{9}}$
$D$ $(x_{p}, x_{q})$ ,
orig$(D, x_{p}, x_{q})$ .
$X_{0}^{orig}$
$x_{i(0)}$ .
$s$ , $D_{j}^{c\varphi y}(1\leq j\leq s)$ orig $(D, x_{p}, x_{q})$
(1) (3) . orig$(D, x_{p}, x_{q})$
$D_{j}^{copy}$ $h_{J}$ .
$1\leq j\leq s$
$D_{j}^{\infty py}$ : $X_{0}^{j}\Rightarrow_{(x^{j}\langle Y^{j})}X_{1}^{j}\cdots\Rightarrow_{(x^{j}:(t-1)Y_{i(2-1)+1}^{j})}X_{t}^{j}$
(1) $h_{j}$ : $V_{orig(D,x_{p},x_{q})}arrow V_{D_{j}^{c\circ p}}\nu,$ $x_{l}\mapsto x_{l}^{j},$ $\vee Cl\in\{i(0), i(1), \cdots, i(t-1), i(t)\}$ .
(2) $V_{orig(D,x_{p},x_{q})}\cap V_{D_{1}^{copy=}}\{x_{p}=x!_{(0)}\}$ ,
$2\leq j\leq s$ , $V_{orig(D,x_{p},x_{q})}$ $V_{D_{j}^{c\sigma py}}=\emptyset$
(3) $1\leq j\leq s-1$ , $V_{D_{j}^{c\circ p}}\nu\cap V_{D_{j+}^{cap_{1}y}}=\{x_{i(t)}^{j}\}$ $x_{1(t)}^{j}=x_{1(0)}^{j+1}$ ,
(4) $|i-j|\geq 2$ $1\leq i,$ $j\leq s$ , $V_{D^{c\circ py}:}\cap V_{D_{j}^{c\circ py}}=\emptyset$.
$D_{s}^{pump}$ : $X_{0}^{pump}$ $\Rightarrow_{(x_{0},Y_{1})}X_{1}^{pu1np}$ ... $\Rightarrow_{(x_{q-1)}Y_{q})}X_{q}^{pump}$
$\Rightarrow_{(x_{j(0)}^{1}(=q),)}Y_{i(0)+1}^{1}X_{q+1}^{pump}$ ... $\Rightarrow_{(x^{1}:’ Y)}X_{q+t}^{pump}$
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$D$ $(x_{p}, x_{q})$ $s$
pump$(D, x_{p}, x_{q}, s)$ .
$h^{-1}$ , , $x\in V_{D_{j}^{c\circ p}}\nu$
$h^{-1}(x)=h_{j}^{-1}(x)$ .
, 1 4 .
[ 1] $X_{n}\in G_{\Delta}$ $X_{t}^{orig}-x_{q}\in G_{\Delta}$ .
( ) $\blacksquare$
$D_{j}^{copy}(1\leq j\leq k)$ $D_{k}^{1ter}$ $B_{1},$ $B_{2}$
, 2 3 .
$D_{k}^{1ter}$ : $X_{0}^{1ter}$ $\Rightarrow_{(x^{1}:’ Y^{1})}X_{1}^{*ter}$ ... $\Rightarrow_{(x^{1}:\langle t-1)^{Y_{\langle t-1)+1}^{1}}},.$) $X_{t}^{1ter}$
$\Rightarrow_{(x^{2}:’ Y^{2})}X_{t+1}^{1ter}$ ... $\Rightarrow..x:\iota$
:
$\Rightarrow_{(x^{k}:’ Y^{k})}X_{(k-1)t+1}^{1ter}$ . . $\Rightarrow_{(x^{k}:\langle t-1))Y_{\langle t-1)+1}^{k})}X_{kt}^{*ter}$
$X_{0}^{*ter}$ $X_{1}!_{(0)}$ .
(1) $B_{1}=\{(h_{1}^{-1}(x), h_{2}^{-1}(y))|\{x, y\}\in E_{X}:terX2t\in V_{X_{t}}u*ry\not\in V_{X_{l}^{1tcr}},$ $y\in V_{X_{2t}^{iter}}(y\neq$
$x_{(t)}^{2}),$ $\{x, x_{(t)}^{2}\}\not\in E_{x:ter}\}$
5
$28\cdot 9$
(2) $B_{2}=\{(h_{1}^{-1}(x),h_{2}^{-1}(y))|\{x, y\}\in E_{x:\iota*r,X}\in V_{X}\dot{i}^{t*r}’ y\not\in V_{X},\in V_{X_{2^{ter}}}\dot{i}^{tery:_{t}}(y\neq$
$x_{(t)}^{2}),\{x, x_{(t)}^{2}\}\in E_{x:_{1}\cdot r}\}$
[ 2] $2\leq k$ , $\supset$ .
$x\in V_{X_{(k}}:|\text{ _{}1)}(x\neq x^{k-1}:(t))$ ,
(1) $x\not\in Vx_{\langle k-2)t}:ter$ , $y\in V_{X}:tcrt$ $(h^{-1}(x), y)\in B_{1}$ .
(2) $6$ $y\in V_{X}$ $(h^{-1}(x), y)\in B_{2}$
$\{X,X\ 0)\}\in E_{xlh^{r}}$ .
( ) $\blacksquare$
[ 3] $2\leq k$ , $X_{k^{ter}}$: $X_{tB,x:(t)}^{orig^{(k)}}$
.
( ) k .
$k=2$ , $D_{k}^{*ter}$ $B_{1},$ $B_{2}$ .
$xl_{k-l)^{\text{ }}}^{ter}$, $X_{kt}^{1ter}$ .
$X_{tB,x}^{or}:_{9^{(k)}}:(t)$ $X_{t}^{O\prime:}g$ $k$ $X_{t}^{j}(1\leq j\leq k)$
. , $X_{tB,x:(t)}^{orig^{(k)}}$ $X_{k\ell}^{1ter}$
, . $g$: $g_{i}$ : $V_{X_{1}^{\circ r}}:garrow V_{X_{t}^{j}}$
. $h_{j}|_{V_{X_{1}^{orig}}}=g_{i}$ . , $g^{-1}$ ,
, $x\in V_{X_{t^{j}}}$ $g^{-1}(x)=g_{j}^{-1}(x)$ .
$x\in Vx_{t}:_{k-}t\epsilon r_{1)t}$ . $y\in V_{X}:-V_{X_{(k-1)t}^{iter}}k^{t_{l}\cdot r}$
.
, $\{x, y\}\in X_{t}^{orig_{B,x_{i\langle t)}}^{(k)}}k$
$\{x, y\}\in X_{kt}:ter$ .
6
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$st_{D}(x^{2}:(0)’ h^{2}oh^{-1}(y))=(u_{0}, u_{1}, \cdots, u_{m})$ .
$\{x,y\}\in X_{t:(t)}^{orig_{B_{1}x}^{(k)}}$ $(g^{-1}(x))g^{-1}(y))\in B_{1}\cup B_{2}$ .
2 .
(1) $\{x,y\}\in\{\{g_{k-1}(u),g_{k}(v)\}|(u,v)\in B_{1}\}$





2 $\{X, X_{1(0)}^{k}\}\in E_{x_{k}^{:}!^{er}}$ . , $B_{1}$
, $(g_{k-1}^{-1}(x), g_{k}^{-1}(y))\in B_{1}$ . , $\{h^{-1}(x), h_{2}oh^{-1}(y)\}\in E_{X}$
. , $0\leq j\leq m$ $\varphi_{D^{it}}*$ $(h^{-1}(x))\in conn(\varphi_{D_{k^{ter}}}:(u_{j}))$ . ,
$0\leq j\leq m$ $\varphi_{D}:|*r(x)\in conn(\varphi_{D}:(h_{k}oh^{-1}(u_{j})))\iota k^{l*r}$ ffi $R\{x, y\}\in Ex_{k^{t\text{ }}}:_{t}$.
(2)
2 $\{x, x_{1(0)}^{k}\}\in E_{X_{kt}^{\dot{t}e\text{ }}}$. (1) $\{x, y\}\in E_{X_{k^{t_{2}e}}}:,$ . $\blacksquare$
[ 4] $D$ , $s$ , $D^{p}$ $D$ $(x_{p}, x_{q})$
$s$ . , $X$ $D$
, $X^{p}$ $D^{p}$ . , $X\in G_{\Delta}$
Xp\in G\Delta .
( ) $\blacksquare$
1 4 , BNLC
.
[ 1] (BNLC ) $G=$ ( $\Sigma,$ $\Delta,$ $P$, conn, $Z_{ax}$ )






(2) $||(V_{Af\backslash \alpha})\geq 1$
(3) $M\backslash \alpha\leq M_{s}$
(4) $M_{s}\backslash M^{n}$ $(M’)_{B}^{(s)_{\alpha}}$ ,
(5) $3\leq i\leq s$ , $\{(x,y)|x\in V_{M}\prime\prime, y\in V_{M’\backslash \alpha}, \{x, h_{i}(y)\}\in M_{s}\}=$
$\{(x, y)|x\in V_{M^{u}},y\in V_{M’\backslash a}, \{x,h_{3}(y)\}\in M_{s}\}$
$M’$, M’/ $M$ $M’=M\backslash M^{u}$ . \alpha
M’ . $B=(B_{1}, B_{2})$ , $V_{M}’\cross$ .
$h_{1},$ $h_{2},$
$\cdots,$
$h_{s}$ M’ $M’$ .
( )
$D:X_{0}\Rightarrow_{(x_{0},Y_{1})}X_{1}\Rightarrow(x_{1},Y_{2})$ $...\Rightarrow_{(x_{n-1\prime}Y_{\hslash})}X_{n}=M$
$M$ . $\# V_{At}>\# V_{Z_{a}}$. $\cdot[maxr(G)]^{1\Sigma}$ $x_{p}\in hist_{D}(x_{q})$
$\varphi_{D}(x_{p})=\varphi_{D}(x_{q})$ $x_{p},$ $x_{q}\in C_{D}(p<q)$ .
$(p, q)$ ,
$p$ $p,$ $q$ . $D$
$(x_{p}, x_{q})$ .
$s$ , $D_{s}^{pump}$ $(x_{p}, x_{q})$ $s$
. , $D_{s}^{pump}$ $M_{s}$ .
M’ $\{x\in M|x_{p}\in hist_{D}(x)\}$ $M$




$p,$ $q$ (1) (3) . 3 $M_{s}\backslash M’’$ $(M’)_{B}^{(s)_{\alpha}}$
. (5) 4 3
. $\blacksquare$
4
, BNLC , BNLC
.
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